Abstract. We performed this study in order to evaluate the impact of the chemokine CXCL12 and its single-nucleotide polymorphism (SNP) rs1801157 on clinicopathological parameters and survival in patients undergoing surgery for esophagogastric cancer. The expression pattern of CXCL12 and its polymorphisms were analyzed by RT-PCR and PCR-RFLP in 69 consecutive fresh-frozen samples of human esophagogastric junction and gastric adenocarcinomas and statistically analyzed. Expression of the CXCL12 (SNP rs1801157) polymorphisms GA/AA significantly correlated with distant metastasis (P=0.026), but not with prognosis. However, CXCL12 expression was not significantly associated with the tumor infiltration depth, lymphatic metastasis and grading. As CXCL12 polymorphisms mediate tumor cell dissemination in esophagogastric cancer, they could represent a marker indicating advanced disease. Antagonists targeting the CXCL12/ CXCR4 axis may be a novel therapeutic option in this entity.
Introduction
Chemokines are small secretory proteins that control migration and activation of leukocytes and other cell types through interaction with a group of seven-transmembrane G proteincoupled receptors (1) . It is well known that chemokines might promote tumor growth, dissemination, metastasis and survival in various malignancies (2) (3) (4) (5) (6) .
The chemokine CXCL12, also known as stromal cellderived factor-1 (SDF-1), is a small protein that regulates leukocyte trafficking and is variably expressed in a number of normal and cancerous tissues. It has also been reported that the chemokine/chemokine receptor (CXCL12/CXCR4) pathway is involved in tumor development and metastasis (7, 8) . CXCL12 secretion by stromal cells attracts cancer cells via activation of the CXCR4 receptor-mediated pathways. CXCL12-induced activation of CXCR4 regulates the pattern of metastatic spread. Organs expressing high levels of CXCL12 have a high risk of secondary tumors, mediated through chemo-attraction. Whereas it was previously shown that CXCR4 expression is associated with the malignant behaviour in colorectal (9) , esophageal (10), pancreatic (11) and hepatocellular cancers (12) , reports in gastric cancers are sparse on the expression profile of CXCL12 (13) , in particular with regard to its polymorphisms in gastric adenocarcinoma. Thus, the aim of this study was to evaluate the impact of CXCL12 and its polymorphisms on local tumor infiltration, lymphatic and distant metastasis, as well as survival in patients undergoing surgery for esophagogastric cancer.
Patients and methods
Tissue source and cell lines. Sixty-nine consecutive patients undergoing standard abdominal gastrectomy or transhiatally extended gastrectomy with systematic D2-lymphadenectomy for gastric cancer and cancer of the esophagogastric junction (Siewert AEG types II and III) were enrolled in this study between 2004 and 2007. The patients had been followed up until January 2010 or until death. Their written informed consent was given and fresh-frozen tissue storage and analysis was approved by the local ethics committee. Twenty-six (38%) of patients were females and 43 (62%) were males. Mean age at the time of surgery was 66.6 (±11.1 SD) years (range 36-84). Fifty patients (72.5%) revealed sub-cardial gastric adenocarcinoma, whereas 19 (27.5%) displayed adenocarcinoma of the cardia (AEG type II according to Siewert). Tissue specimens were conventionally stored in formalin for standard histopathological analysis and were routinely worked-up according to the UICC guidelines with respect to TNM-classification (6th edition, 2002), UICC-stage, and grading.
Small samples of each specimen, taken from a non-necrotic part of the tumor, were immediately extracted at the time of gastrectomy and stored in cryovials, shock frozen in liquid SNP rs1801157 significantly correlates with distant metastasis in CXCL12 expressing esophagogastric cancer nitrogen and stored at -80˚C until further processing. As control tissues, diverse gastric (MKN; OE33, NCI N87, Snu16, AGS) and colorectal (SW480, SW620, LST, HT29, L174) cancer cell lines were cultured. Cells were cultured in DMEM (Invitrogen, Germany) supplemented with 10% FCS, 100 U/ ml penicillin, 100 µg/ml streptomycin (Cambrex, Germany) and 1 mmol/l L-glutamine (Invitrogen). Reference PCR with β-actin was performed using these cell lines as shown in Fig. 1 .
RNA isolation and CXCL-12-specific RT-PCR.
The expression pattern of CXCL12 was analyzed by RT-PCR in cancer cell lines and in 69 consecutive samples of (esophago-) gastric adenocarcinoma and correlated with TNM-classification, grading and survival. RNA isolation was performed using the RNeasy Kit according to the manufacturer's recommendations (Qiagen, Hilden, Germany). For reverse transcription, we used 2 µg of RNA (20 µl total volume; Omniscript RT Kit, Qiagen) according to the recommendations of the manufacturer. In total, 0.5 µl of cDNA (50 ng) was used as template for the specific PCR reactions. The primers applied with the sequences, as well as temperature used and numbers of cycles were: CXCL-12 forward (5'-CAG TCA ACC TGG GCA AAG CC-3') and CXCL-12 reverse (5'-AGC TTT GGT CCT GAG AGT CC-3') annealed at 62.4˚C for 35 cycles. β-actin: forward (5'-TGA CGG GGT CAC CCA CAC TGT GCC CAT CTA-3'), reverse (5'-CTA GAA GCA TTT GCG GTG GAC GAC GGA GGG-3') annealed at 58˚C for 28 cycles. For amplification, a DNA Engine PTC200 (MJ Research, Watertown, MA) thermocycler was used. After the last cycle, a final extension (7 min at 72˚C) was added and thereafter the samples were kept at 4˚C. The product (7 µl) was run on a 1.8% agarose gel, stained by ethidium bromide, and analyzed under UV light. For quantification the 100 bp DNA ladder (Invitrogen) was used. The evaluation of expression was performed semi-quantitatively according to the following grades: 0, negative; 1, weak (density beneath 300 bp fragment of ladder; <30 ng/µl); 2, medium (density between 300 bp and 600 bp fragment of ladder; 30-70 ng/µl); 3, strong (density above 600 bp fragment of ladder; >70 ng/µl).
RFLP for CXCL12 SNP rs1801157. The SNP rs1801157 was detected by highly sensitive PCR-RFLP assay. CXCL12 PCR was performed as described above. For RFLP the restriction enzyme MSPI (Moraxella species; Fermentas, Canada) was used. MSPI recognizes DNA at the following specific sequence. The restriction scheme is marked by the arrows. 5'... C↓C G G...3'; 3'...G G C↑C...5'. Only wild-type (GG) DNA sequences were cut, while the mutated strands (containing GA and AA) were not affected. For the restriction, the following conditions were adopted: 15 µl of the CXCL12 PCR product were digested with 1 µl MSPI in a total volume of 31 µl (including Y+/TangoTM yellow buffer and RNase-free water) according to the manufacturer's recommendations (Fermentas, Canada). The digestion was performed for 1 h at 37˚C in a thermocycler as described above. After digestion, the product was cooled down and kept at 4˚C until further processing.
The digested DNA was transmitted on a 3.5% agarose gel (Top Vision, Fermentas), stained by ethidium bromide. Voltage was applied and after 1 h, the results were visualized under UV light. The evaluation was based on the following guidelines: 1 band of 302 bp size AA, three bands of 100 bp, 202 and 302 bp size GA, two bands of 100 and 202 size GG. Results of RFLP and PCR of CXCL12 are illustrated in Fig. 2 .
Statistical analysis. The SSPS 18.0 software package was used for statistical data analysis (SSPS, Chicago, IL, USA, 2010). Clinicopathological data were prospectively collected in a database established for internal quality control and analyzed retrospectively. The presented data are expressed as the mean values with standard deviation (± SD) and ranges (minimum-maximum). In the comparative analysis, the association of categorical data were described in cross tabulations, Fisher's exact test was used for comparisons. The MannWhitney U test served as the non-parametric method to compare quantitative variables between groups. Survival probabilities were estimated with the method of Kaplan and Meier, and a log-rank test was carried out to determine significant differences between the patient groups. Spearman's correlation was used to analyze the influence of CXCL12 on ordinal clinicopathological parameters. Logistic regression was performed as multivariate analysis in order to determine independent parameters with impact on metastasis (M1). P<0.05 was considered significant for all parameters. We did not correct for multiple testing as the main interest was in identifying potential associations. Therefore only the error rate per comparison is controlled.
Results
Patients' characteristics. Demographic data and patient tumor characteristics are presented in Table I . Unexpectedly, 20% (n=14) of patients revealed M1-situation at the time of surgery. Out of these, n=2 underwent emergency surgery due to tumor bleeding, n=2 due to stenosis, n=1 patient showed intolerance of chemotherapy. The remaining 9 patients, contrary to pre- operative staging, had a local peritoneal carcinomatosis in the omentum minus, omentum majus or liver metastases, which became evident at surgery and were resected in toto. Median survival was 819 days; 95% confidence interval (263 days; 1374 days).
CXCL12 expression.
The semi-quantitative expression patterns of CXCL12 and its polymorphisms varied markedly (Table II) . While 17% of patients did not reveal any CXCL12 expression, a weak CXCL12 expression was seen in 19%, an intermediate expression in 30% and a strong expression in 33% of samples.
The polymorphism occurred in 7% as AA, in 19% as GA, and in 48% the wild-type GG was expressed.
Correlation of CXCL12 and its polymorphisms with clinicopathological parameters and prognosis. Among histopathological parameters, only pN-category (P=0.024) was significantly associated with overall survival. pT-category (P=0.164), pM-category (P=0.121) as well as tumor grading (P= 0.734) did not exert a significant influence on prognosis. Expression of CXCL12 did neither correlate with the pT-, pN-, pM-classification nor with tumor grading (Table III) . In contrast, CXCL12 polymorphisms (GA/AA) was significantly correlated with distant metastasis (P=0.026), whereas tumor infiltration depth, lymphatic metastasis and grading were not significantly associated (Table III) .
With regard to expression of CXCL12 (0 vs. 1 vs. 2 vs. 3, P=0.181), (0 vs. 1/2/3, P=0.864) and its polymorphisms 0 vs. GG vs. GA vs. AA (P=0.778) and 0 vs. GG vs. GA/AA (P= 0.578), none of them displayed a statistically significant influence on prognosis. Kaplan-Meier survival curves for CXCL12 and CXCL12 polymorphism (0 vs. GG vs. GA/AA) are illustrated in Fig. 3 (CXCL12 polymorphism) and Fig. 4 (CXCL12).
Association of CXCL12 and CXCL12 polymorphism with localisation of the tumor. While CXCL12 expression was associated with a tumor localisation in the esophagogastric junction and all of these patients expressed CXCL12 (P=0.001), CXCL12 polymorphism (GA/AA) occurred primarily in the subcardial site (94% (n=17); (P=0.027). Results are demonstrated in Table III . 
Multivariate analysis: independent predictors of metastasis.
Multivariate analysis demonstrated that pT-category (P=0.0089) and CXCL12 polymorphisms (GA, AA) (P=0.0194) were independent prognostic indicators of metastasis (M1) ( Table IV) .
Discussion
Metastasis is a frequent cause of death in patients with gastric cancer and can often occur after surgery, with absent or minimal lymph node involvement and without intra-operative macroscopic signs of peritoneal carcinomatosis. Even early stages are at risk: once tumor cells have spread through the mucosa infiltration level 3 (m3) and to the submucosa, the probability of metastasis increases rapidly and the likelihood of prolonged disease-free survival diminishes (14) . Thus, it is of major importance to identify those patients with a high risk for metastatic disease. Apart from hematogenous invasion in organ metastasis, peritoneal carcinomatosis of gastric carcinoma may develop from direct cancer cell dissemination into the abdominal cavity. The expression of chemokine receptors by tumor cells can be an important factor with regard to tumor cell dissemination and organ-specific metastases (15) (16) (17) .
CXCL12 (SDF-1) is the natural ligand of CXCR4, being a member of the CXC family that exerts chemotactic activity for hematopoietic progenitor cells (18) . Thus far, chemokine signaling results in the transcription of target genes that are involved in cell invasion, motility, interactions with the extracellular matrix (ECM) and survival (19) .
Analyzing human clinical samples of malignant ascitic fluids from patients with gastric cancer and peritoneal carcinomatosis, Yasumoto et al detected high concentrations of CXCL12 (20) . In addition, CXCR4 positivity of the respective primary gastric carcinomas significantly correlated with development of peritoneal carcinomatosis (P>0.001), concluding that the CXCR4/CXCL12 axis plays an important role in the development of peritoneal carcinomatosis from gastric cancer (20) . In contrast, Tsuboi et al found that in pT3-stage gastric cancer patients, the CXCR4/CXCL12 axis was more strongly associated with lymphatic or hematogenous metastasis as compared to the establishment of peritoneal deposits (21). On the other hand, there was a trend towards correlation of expression of these molecules with recurrences to the distant lymph nodes and the liver, although the number of events was too low to reach statistical significance. In the study by Ishigami et al, cancerous CXCL12 positivity was determined to be an independent prognostic factor in gastric cancer, with CXCL12-positive samples showing more aggressive behaviour (13) . Immunohistochemical staining showed clear CXCL12 expression in both the tumor cell membrane and the cytoplasm. The authors concluded that an autocrine CXCL12 secretion from tumor cells might activate CXCR4 on the tumor cells, resulting in distant metastases. The interaction of gastric cancer-expressed CXCR4 and SDF-1α may be a key event in directing malignant cells to homing organs, which is underlined by findings in esophageal cancer, where the presence of micrometastatic tumor cells in lymph nodes and bone marrow was associated with poorer survival (22, 23) . As demonstrated in pancreatic cancer, CXCL12 is secreted by cancerous lesions and flows via lymphatic or venous routes to its metastatic sites (24) .
In our analysis, expression of CXCL12 and its polymorphisms did not exert an influence on overall survival. However, the CXCL12 polymorphism GA/AA significantly correlated with distant metastasis. In contrast, Ishigami et al observed a significant impact of CXCL12 expression intensity on survival (P<0.01) (13) . Furthermore, CXCL12 expression was an independent prognostic factor, together with age, depth of tumor infiltration and lymph node involvement in multivariate analysis in their data.
The impact of SNP rs 1801157 of CXCL12 on tumorigenesis is a promising new target for oncological research. Our results showed that the homozygote (AA) and the heterozygote mutation (GA) of the CXCL12 gene were associated with distant metastasis (P=0.026; P=0.0194 in multivariate analysis, respectively). As a matter of fact, patients carrying the poly morphism may tend to have a worse prognosis. However, due to the intended limited number of M1 cases in our study population, we could not measure the clear impact on survival.
The existence of the SNP rs1801157 of CXCL12 in different tissues has been examined in previous studies. The occurrence of the polymorphism in colorectal cancer (CRC) was analyzed by Dimberg et al and Hidalgo-Pascual et al in two recent studies, while Hidalgo-Pascual et al stated no impact of the polymorphism on the localization of the CRC, Dimberg et al found out that CXCL12 polymorphism was associated with a colonic rather than with a rectal localization of the tumor (25, 26) . Chang et al continued these analyses. According to his results, patients with CRC, who carry the G>A mutation in the CXCL12 gene, develop significantly more lymph node metastases and have a significantly poorer prognosis than CRC patients without the CXCL12 mutation (27) .
Two studies concerning Iranian and Greek women compared the incidence of the G>A mutation of CXCL12 in breast cancer patients with a control group. The mutation was found significantly more often in the patient group as compared to controls (28, 29) . These data suggest that CXCL12 polymorphism might contribute to tumor development in breast cancer patients. However, the association of CXCL12 polymorphism with gastric tumor development has not yet been analyzed and might be an interesting target for future research. These findings imply a major influence concerning the occurrence of the SNP rs1801157 in tumor patients. The exact impact of the polymorphism on the various tumor entities has not been sufficiently evaluated.
With the results of our current study and the previous literature in mind, it is most attractive to clinically introduce antagonists targeting CXCL12 or the CXCR4/CXCL12 axis signaling pathways as potential novel therapeutic regimens in human gastric carcinoma. Yasumoto et al showed in their xenograft nude mouse model not only that CXCL12 induces chemotactic responses, cell proliferation and a rapid phosphorylation of Akt and ERK in NUGC4 (human gastric carcinoma cell lines derived from malignant ascites) cells expressing CXCR4 at high levels, but also that treatment with the CXCR4 antagonist AMD3100 (30, 31) significantly suppressed the development of peritoneal carcinomatosis in their model (20) . Further studies should evaluate targeting the CXCL12 signal as a new therapeutic option in selected patients with esophago gastric adenocarcinoma.
